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TOXICITY OF PENICILLIN FOR THE GUINEA PIG*
FRANK E. CORMIA, M.D., GEORGE M. LEWIS, M.D. xn MARY E. HOPPER, M.S.
New York
While conducting sensitization experiments with various preparations of
penicillin in the guinea pig, one of us (M.E.H.) noted that the attrition rate of
the animals was greater than what might be normally expected. As the experi-
ments continued, it was found necessary to use two and three times the number
of guinea pigs required for the experiments, and to use a greatly reduced dosage
of penicillin. It seemed important, therefore, to investigate the nature of this
apparent toxicity of penicillin for the guinea pig, especially in view of possible
clinical implications in man.
There is little in the literature regarding the toxic effects of penicillin for either animals
or man. Abraham and his co-workers (1) found that the minimal lethal dose for mice was
5,000 units per kilogram. Hamre and her associates (2) reported the M.L.D. to be 90,000
units per kilogram of a relatively impure preparation of penicillin and 250,000 units per kilo-
gram of a more purified material. Using a highly purified preparation, Florey and Jennings
(3) determined that 375,000 units was the M.L.D. The Hamre group concluded that purifi-
cation removed some of the substances responsible for the acute toxicity of penicillin for the
experimental animal. Kolmer, in the 1947 edition of "Penicillin Therapy" (4), states that
"various salts of penicillin have a remarkably low toxicity for guinea pigs." An interesting
finding was recorded by Welch and his associates (5) studying the relative toxicity of six
salts of penicillin. They concluded that the toxicity was due to the cation rather than to
the penicillin itself. The sodium salt, for example, had a low toxicity while the magnesium
salt was highly toxic. In their experiments the ML.D. for mice varied from 3,500 to 32,000
units per mouse, depending on the preparation used.
The details of the study on the toxicity of penicillin for the guinea pig by Haznre, Rake,
McKee and MacPhillamy (2) should be summarized. These investigators found that two
brands of commercial sodium penicillin were toxic for guinea pigs in a dosage which other
animals received without untoward effects. In acute toxicity experiments, utilizing
a single injection intravenously, doses of 4,000 to 5,000 units caused no reaction, while doses
of 12,000 units or over killed all of a group of five animals within a five day period. A single
dose of 500 units (7,000 to 12,000 units per kilo) subcutaneously was lethal within a three day
period. A further experiment, utilizing 250 to 1,000 units daily (given in divided doses),
resulted in the death or in a moribund condition of all animals by the fifth day. The Hamre
group then investigated the possibility that vitamin C might have a protective action
against the toxicity shown by penicillin for the guinea pig. The diet was supplemented
either by greens or by 10 milligrams of sodium ascorbate daily. Of a group of 18 guinea pigs,
2 died on the second day, 5 on the third, 2 on the fourth, 1 on the fifth, 3 on the sixth, 1 on
the seventh, 2 on the eighth and 1 on the twelfth day. Three additional guinea pigs were
given 100 milligrams of vitamin C daily, but no protection was conferred against the toxic
action of the drug. Autopsies were performed on 15 animals dying as a result of penicillin
toxicity. Three animals had necrosis of fibers in the wall of the left ventricle of the heart.
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Foci of necrosis, often of considerable size, were present in the livers of many of the guinea
pigs (number not stated). However, the importance of these lesions was questioned by
the authors since 5 out of 12 control animals had similar areas of necrosis.
TOXICITY OF PENICILLIN FOR MAN
Despite the enormous number of patients treated with penicillin, there are relatively few
reports dealing with a primary or intrinsic toxicity of the drug. Sensitization to penicillin,
on the contrary, is a rather frequent occurrence. Its clinical and experimental aspects have
been studied by the authors (6) and by many others. The well-known effect of the drug to
cause thrombosis has been confirmed by the work of Moldavsky and his associates (7), who
found the speed of blood coagulation increased and the bleeding time reduced. Leavitt (8)
studied 21 pregnant women treated with penicillin and stated that the drug produced
uterine cramps or hemorrhage in 8 patients and abortions in 2. In another series of 206
women the administration of penicillin resulted in the initiation of menstruation in twice
the number of patients normally expected to menstruate at this period. It is also known
that penicillin may produce convulsive effects when applied locally to the cerebral cortex of
monkeys and of man. This convulsive factor in penicillin has been demonstrated by Walker
and Johnson (9). The administration of penicillin intrathecally in a high concentration
may result in multiple hemorrhages, severe inflammatory reactions and even transverse
myelitis (10). Convulsions were observed in a patient with latent epilepsy (specific electro-
encehaplographic changes) who was receiving penicillin intramuscularly for an incidental
condition (6A). Severe mental symptoms have also been noted after the administration of
penicillin to patients with paresis (11). In some of these at least, a Herxheimer reaction
was suspected but the reaction may have been due to the above noted convulsant effect or
to the well-known action of penicillin to produce edema in sensitized individuals. Lastly,
peripheral neuritis may occur occasionally in individuals whose nervous systems were pre-
viously normal (12).
SUMMARY OF PRELIMINARY OBSERVATIONS
As an introduction to the present necropsy study it seems advisable to tabulate
the toxic effects of penicillin observed in previous experiments. These data
are summarized in Chart 1.
The first 6 lots of guinea pigs were tested with a commercial penicillin, having
a potency of 1122 units per milligram. It will be observed that a single intra-
dermal injection of 250 units or more resulted in the early death of the animals
in a large percentage. When a dose of 1,000 units was used, from 77 per cent to
100 per cent of the guinea pigs died by the 17th day. In the last 2 lots of ani-
mals, a crystalline sodium penicillin G containing 1480 units per milligram was
used. It was noted that 250 units intradermally was lethal for 75 per cent of
the animals, while in 2 different groups 150 units was lethal for 25 per cent and
33 per cent respectively. These findings are at variance with those obtained by
Hamre and her associates (2). In other words, the crystalline or more purified
penicillin seemed to be more toxic than the commercial type. It would seem
unlikely, then, that the toxicity was due to impurities. Of the entire group of
animals, 67 per cent succumbed.
TIME AND FREQUENCY OF FATAL OUTCOME OF GUINEA PIGS INJECTED
WITH PENICILLIN
The time and frequency of a fatal outcome are shown in Chart 2. Of the 58
guinea pigs which died following the administration of penicillin, 31 died on or
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before the 8th day. The remaining animals died at various intervals up to the
23rd day. The somewhat striking peak recorded at the 17th day should be
disregarded since these 10 animals died over a period of four days during a long
week-end in the summer.
CHART I
Tabulated summary of data on guinea pigs given injections of penicillin
NUMBER BEE OPPIGS
PENICILLIN (cos.eseEacIAL) PIGS LOST
DA( OP GEATU APTER INJECTION
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* Sensitized with Trichophytin before Penicillin Injections.
I.D. — Intradermal. I.P. = Intraperitoneal. S.C. = Subcutaneously.
METHOD OF PRESENT INVESTIGATION
A group of 18 normal male guinea pigs, weighing from 250 grams to 350 grams,
was used in the present experiment.
A: The first 4 guinea pigs constituted a normal control. Gross and micro-
scopic studies were done and a normal baseline was established.
B: The second group consisted of 6 guinea pigs, each of which was given a
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single intradermal injection of 250 units of crystalline sodium penicillin G. Two
of these animals were killed after two days, 2 after four days and the remaining
2 after six days following the injection. Autopsy studies were then made.
0: The last group of 8 guinea pigs was given a single subcutaneous injection of
1000 units of crystalline sodium penicillin G. The subcutaneous route was used
for the reason that the toxicity of the drug had been found to be considerably
higher with this method of administration. Autopsies were performed following
the spontaneous death of the animals.
NUMBER
CHART II
Time and frequency of fatal outcome in guinea pigs infected with penicillin
RESULTS
A: No lesions, either gross or microscopic, were found in the viscera or in the
adrenal, thyroid or pituitary glands of any of the control group.
B. Of the 6 pigs given a single intradermal injection of 250 units of crystalline
sodium penicillin G none showed evidence of either gross or microscopic damage
on autopsy at 2, 4 and 6 days after the injection of penicillin.
C: All of the 8 guinea pigs given 1,000 units of crystalline sodium penicillin
G. subcutaneously were found to have characteristic lesions at autopsy. These
lesions were confined to the adrenal glands, all other organs being essentially
normal. Two animals had massive necrosis involving almost the entire gland.
The remainder show"d a rather diffuse loss of structure with early necrotic soften-
ing. The gross specimens of adrenal glands from 3 animals are shown in figure
1A.
On microscopic examination the gross appearance of early necrosis was con-
firmed. Cell destruction occurred in different regions of the gland and varied
PIGS LOST 14 32 41 2 SB
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in location from section to section and from animal to animal. However, it
was usually more severe in the cortex than in the medulla. Illustrations of this
necrosis are shown in Figures 1B, C, and D.
FIG. lÀ: Gross appearance of sectioned adrenal glands of the guinea pigs following peni-
cillin. Focal areas of early necrosis may be noted in the two lateral specimens, with the
process more diffuse and severe in the central specimen.
FIG. 1B: X 100 Showing early necrosis of both cortex and medulla.
FIG. 1C: X 200 Showing details of cellular destruction in the cortex.
FIG. 1D: )< 200 Section of medulla revealing characteristic necrotic changes with loss of
normal architecture and with disintegration of individual cells.
COMMENT
It seems unquestioned that the guinea pigs used in the above experiment died
as the result of adrenal damage. The degree of adrenal damage noted in these
animals is not compatible with life. The fact that other laboratory animals
A..
st iD
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have not developed a similar reaction to penicillin (1, 3, 4) raises the question as
to whether the finding has any significance with regard to a possible toxicity for
man. Unexplained deaths in human beings occurring during the administration
of penicillin have been recorded (13). Autopsy findings in a few instances did
not mention adrenal damage. It is possible, however, as Furth (14) has sug-
gested, that functional impairment of the adrenal gland may precede objective
evidence of damage and may conceivably cause death without the confirmation
of definitive pathologic findings. It would seem that further clinical studies are
indicated on adrenal function in patients receiving large doses of penicillin.
SUMMARY
1. The literature regarding the toxicity of penicillin has been briefly sum-
marized.
2. The results of the present investigation indicate that penicillin has increased
toxicity for the guinea pig as compared with that reported for other animals
and for man.
3. This toxicity is manifested by an acute necrosis involving the adrenal gland,
particularly the cortex.
4. Possible clinical implications are discussed.
DISCUSSION
Dr. Marion B. ,S'ulzberger: I would like to compliment the presenters on this excellent
piece of work. It is a real accomplishment to have thought of looking carefully at the small
adrenal glands in their autopsies of the guinea pigs and to have noted the changes. These
findings have a particular importance in regard to penicillin; and are also of great general
importance in showing how much dermatologists can contribute to general biology and
general medicine. I would like to stress in particular the importance of the finding of the
huge variations in response oa the part of different species of animals. If Fleming and
his followers had tested penicillin for toxicity by first performing the customary toxicity
assays on guinea pigs, they would have been forced to the costly error of concluding that
therapeutically effective doses would be too toxic for use in human diseases. And the
discovery of penicillin, one of the greatest medical advances of all time, would have been
lost to mankind if the species homo had responded to penicillin injections as do the guinea
pigs. These studies show again how important it is to carry out toxicity experiments on
the precise species in which the material is intended for therapeutic use. There is, there-
fore, no way of getting around the eventual trial on man of all therapeutic agents intended
for use in man. Unfortunately, there is no predicting what the species variation in regard
to a new drug will be. I think that pharmaceutical houses, medicine in general, public
governmental agencies and all people charged with the public welfare should take this
demonstration to heart. It is another example, but by no means a unique example, of how
totally different individual species can be in their responses to the toxic and therapeutic
effects of any material intended for medical uses.
Closing discussion by Dr. Lewis: In a patient recently observed, a peculiar bronzing of the
skin accompanied by prolonged weakness followed the administration of penicillin. Since
the patient also had pulmonary tuberculosis, it is postulated that this infection may have
conditioned the adrcnals for the later toxic action of penicillin.
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